concentrations at both permissive (18ЊC) and restrictive temperatures (30ЊC) (Figures 2A, 2C , 2E, 2G, and 2I).
of MB neurons (Figures 1B and 1C).

Organizations of the peripheral olfactory system are re-
Flies are attracted to many odorants at low concentramarkably similar from mammals to insects [4] . As in tions, but they are repulsed by the same odorants at vertebrates, the olfactory pathway in Drosophila folhigh concentrations [19] [20] [21] . We exposed flies simultalows similar convergence and divergence [5] , and neously to air and an odor in a T-maze (see the Experimultiple high-order structures in the Drosophila brain, mental Procedures). Flies chose the odor side when an including the mushroom body (MB) and lateral horn odor was attractive and the opposite side when an odor (LH) of the protocerebrum, receive olfactory input [6, was repulsive. A performance index (PI) was calculated 7]. We specifically blocked neurotransmission in the based on the distribution of flies between the air side MB while leaving the LH unaffected and examined its and the odor side; negative PIs indicated repulsion and effect on olfactory avoidance and attraction behaviors.
positive ones indicated attraction. Both the concentraWe show that blocking MB activity disrupted retions of odorants used in this study and the PI scores sponses to attractive, but not repulsive, odors, and this they produced were comparable to those obtained in finding suggests that attractive and repulsive olfactory other studies with the same [14, 20] or similar [14, 21] information may be separately processed in higher T-maze assays. Flies were repulsed by odorants at high olfactory centers of the Drosophila brain.
concentrations at both permissive (18ЊC) and restrictive temperatures (30ЊC) (Figures 2A, 2C , 2E, 2G, and 2I).
Results and Discussion
Raising the temperature from 18ЊC to 30ЊC did not change the degree of repulsion by these odors in wildIn the Drosophila brain, two high-order olfactory centers type flies or in 201Y/UAS-shi ts1 and 238Y/UAS-shi ts1 flies in the protocerebrum, the mushromm body (MB) and that express shi ts1 in MBs (Figures 2A, 2C , 2E, 2G, and lateral horn (LH), both receive olfactory input from the 2I). This finding indicates that the blockade of synaptic antennal lobe (AL) ( Figure 1A ). Three separate tracts transmission from MB neurons exerted no effect on reformed by projection neurons (PNs) from the AL, the pulsion. This is in agreement with previous findings that inner, medial, and outer antennocerebral tracts (iACT, fly avoidance of high concentrations of benzaldehyde mACT, and oACT, respectively) [7, 8] and 238Y/UAS-shi ts1 flies, it appears that blocking MB neurotransmission specifically affects attraction, but not repulsion; this finding indicates that the MB is responsible for mediating odor-driven attraction. Since the MB and LH are the only two high-order brain structures receiving olfactory input in Drosophila, that leaves the LH to mediate repulsion. If the input to both MB and LH is blocked, then both attraction and repulsion should be affected. Indeed, when we expressed shi ts1 in the antennal lobes (AL), which supply input to the MB and LH, both attraction and repulsion were abolished when tested at 30ЊC (Figure 3) .
Based on these observations, we propose that olfac- 10% BA and 10% BA ϩ 40% OCT. At these concentrations, repulsiveness of either BA or OCT has already Flies were attracted to odorants at low concentrations reached saturation. The saturation of repulsiveness is ( Figures 2B, 2D, 2F, 2H, and 2J) . However, in contrast reached when PI becomes zero in the T-maze test, in to the repulsion, the attraction was altered to various which flies are exposed to 1ϫ versus 2ϫ concentration degrees in flies expressing shi ts1 when the temperature of the same odorant ( Figures 4A and 4B) . When forced was raised from 18ЊC to 30ЊC. In 238Y/UAS-shi ts1 flies, to choose between 10% BA and 10% BA ϩ 40% OCT, attraction to all odors tested was abolished or signififlies strongly preferred the mixed odor ( Figure 4C ). Since the mixture of 10% BA ϩ 40% OCT should have a level of cantly reduced at 30ЊC. In 201Y/UAS-shi ts1 flies, attrac- 
Experimental Procedures
Confocal Examination of Expression Patterns of Gal4 Lines P-Gal4 lines were crossed with a UAS-GFP line, and the progeny were examined for GFP expression. The fly brain was fixed in 4% paraformaldehyde in PBS in a vacuumed chamber at 30ЊC for 1 hr. Under the same conditions, the brain was transferred to 2% Triton X-100 ϩ 4% paraformaldehyde in PBS for 1 hr. For nucleus counterstaining, the brain was washed three times in PBS after treatment with Triton. The brain was then treated with RNAase (50 g/ml in PBS) for 1 hr, and after three 10-min washes in PBS, it was labeled overnight with propidium iodide (20 g/ml in PBS). Afterwards, the brain was mounted in FocusClear (PACGEN) and examined under a confocal microscope.
Behavior Test
The olfactory behavior was examined in a T-maze machine that was described in detail elsewhere [27] . The test was carried out in the dark in a controlled environment (70% relative humidity, temperature at 18ЊC or 30ЊC). Odorants were mixed with mineral oil at the specified dilutions, and the resulting odors were applied by bubbling air through the mineral oil. A concentration at 10 Ϫ3 corresponds to a 1000-fold dilution in mineral oil. The air flow was set at 250 ml/min. About 100 flies were allowed to choose between air and odor or between two odors for 1 min in the T-maze machine. Flies trapped in each side of the T-maze were counted, and a performance index was calculated. Performance Index ϭ ([COR Ϫ 0.5]/0.5) ϫ 100 ϭ ([COR ϫ 2] Ϫ 1) ϫ 100. A score of zero indicates neutrality, while a positive or a negative PI means that flies are attracted or repulsed, respectively, by an odor. COR, the probability correct, was calculated as the number of flies choosing the attractive side divided by the total number of flies in the T-maze. UAS-shi ts1 flies at 30ЊC when flies were exposed to 10% BA versus and for BA at concentrations higher than 4% are not significantly 10% BA ϩ 40% OCT. 201Y/UAS-shi ts1 flies were not affected by the different from zero (P Ͼ 0.05).
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temperature change. For each group, n Ն 6. P Ͻ 0.01 in the Student's (C) Attraction to 10% BA ϩ 40% OCT was nearly abolished in 238Y/ t test (asterisk).
